Specific mRNAs achieve an asymmetric distribution in the cell by linking to molecular motors that walk along the cytoskeleton. Studies in S. cerevisiae have begun to define the nature of the RNA-motor linkage and identify She3p as an adaptor protein that links a type V myosin motor to specific ribonucleoproteins. Cells are able to restrict the translation of proteins to discrete subcellular regions by asymmetrically localizing specific mRNAs. This mechanism is widely used to compartmentalize the cytoplasm and underlies a number of interesting cellular processes, such as synaptic plasticity in the brain and cell-fate specification during embryogenesis.
The cellular machinery responsible for RNA transport in the cytoplasm is still largely unknown. Although there are many issues left to resolve, one question has stood as a sort of Holy Grail in the field -how do molecular motors recognize and link up with specific mRNAs? Several years ago, a number of groups discovered a genetic pathway for RNA localization in the budding yeast, Saccharomyces cerevisiae [1] [2] [3] . This pathway, which delivers ASH1 RNA to the bud tip and underlies the difference in potential for mating-type switching of the mother and daughter cell, involves at least five SHE genes including SHE1, which encodes a type V myosin motor, Myo4p, and SHE5, which encodes a known regulator of the actin cytoskeleton, Bni1p. These discoveries raised expectations that analysis of the other SHE genes would shed light on the elusive link between molecular motors and RNA localization.
These expectations have now been met with the publication of three new studies that address the roles of She2p and She3p [4] [5] [6] . The new findings, which bear on the linkage between an RNA cargo and its motor, fit very well with recent progress on an entirely different type of cargo-motor interaction -that between vesicular cargoes and kinesin motors [7] . Both lines of investigation bring to light the idea that cargo-motor linkers are in some instances soluble scaffold proteins with multiple functions in the cell. A second common idea is that in the absence of their cargo, cytoplasmic motors such as Myo4p and kinesin exist as uniformly distributed, soluble proteins in the cytosol and as such are inhibited from engaging their cytoskeletal tracks until activated on demand by their cellular cargoes [8] . This strategy may be important for maintaining a uniform distribution of processive motors designed to carry small cargoes, such as vesicles or ribonucleoproteins (RNPs).
The biological process at the focus of the recent activity on RNA localization is, in essence, a form of cell fate specification that occurs in S. cerevisiae. In this organism, cell division is inherently asymmetric -only the daughter cells (the buds) accumulate a transcription factor, Ash1p, which prevents mating-type switching by repressing the transcription of the gene encoding the HO endonuclease (see [1] for references). In this respect, the asymmetric delivery of Ash1p to the growing bud in yeast resembles the process of asymmetric cell division in metazoans: in each case, only one of the two cells produced during cell division inherits a cytoplasmic cell-fate determinant. In addition, in metazoan asymmetric cell division, the transported determinant is in many instances not the protein, but the untranslated mRNA [9, 10] . Likewise, the asymmetric localization of Ash1p in yeast results from the delivery to the bud tip of its mRNA transcript [2, 3] . On the basis of innovative imaging experiments in living yeast, it is clear that Myo4p translocates an RNP particle containing ASH1 mRNA along the actin cables that run between the mother cell and the bud [11] .
The starting point for the most recent work was earlier colocalization data, which hinted that She2p and She3p contribute to the formation and/or the composition of the transported ASH1 RNP particle that is evident in the light microscope. In wild-type strains, both She2p and She3p, along with Myo4p, co-localize with ASH1 RNA, as the latter moves as a particle to the bud tip [5] . In she2∆ or she3∆ mutant strains, the microscopic ASH1 RNP particle is not apparent [2, 3, 11] , and ASH1 mRNA does not coimmunoprecipitate with Myo4p [12] . Taken together, these observations raised the possibility that She2p and She3p in some way link the motor Myo4p to ASH1 mRNA. Three groups responsible for the recent progress have analyzed in detail the binding of She2p, She3p Myo4p and ASH1 mRNA, using mutant yeast strains to evaluate the interdependencies, and reassuringly arrived at essentially the same conclusions [4] [5] [6] .
By ascribing functions to the two SHE gene products, She2p and She3p, the new work leads to the model depicted in Figure 1 . The principal RNA-binding protein in this transport system is She2p. Among the SHE gene products, only She2p binds specifically to the four cisacting localization elements (LEs) [13] within the ASH1 transcript. Moreover, mutations in the ASH1 LEs that disrupt localization in vivo similarly impair the interaction with She2p. On this basis, the groups envision that the binding of She2p to ASH1 RNA is one of the most upstream steps of the transport pathway. This view is supported by the fact that She2p binds normally to ASH1 RNA, even in yeast strains deficient in the other SHE genes [5, 6] .
The role of She3p defines a second step in the localization pathway. She3p has the properties of an adaptor that links Myo4p to the She2p-ASH1 RNP: the carboxyl terminus of She3p interacts with She2p, while its amino terminus interacts with Myo4p [6] . The proposed adaptor function of She3p is central to the model and consistent with the following experimental observations. First, the model explains why ASH1 RNA, which co-precipitates and colocalizes with She3p and Myo4p in wild-type yeast strains [5] , fails to associate with either in she2∆ strains [4] [5] [6] -in the absence of She2p, the Myo4p-She3p complex has no way to attach to the RNA. Second, the model accounts for the observation that the interaction of Myo4p with ASH1 RNA requires She3p, while the interaction of She3p with ASH1 RNA does not require Myo4p.
This model of a two-step pathway (Figure 1 ) and the role of She3p as a cargo-motor adaptor are supported by a particularly incisive experiment reported very recently by Long et al. [4] . This group demonstrated that the requirement for She2p in ASH1 RNA localization can be bypassed, provided that She3p is given the ability to bind the RNA directly. These investigators gave She3p its own high-affinity RNA-binding domain, by fusing to She3p a sequence of amino acids derived from the MS2 virus coat protein. Providing She3p carries this domain, a reporter RNA containing the cognate MS2 viral RNA stem loops is transported to the bud tip, even in she∆2 strains. This experiment implies that the only role of She2p in ASH1 RNA localization is to target a particular mRNA to the She3p-Myo4p transport complex.
While this appealing model of ASH1 mRNA localization seems remarkably simple and clear at first glance, a number of points are left unresolved. First, She3p increases the affinity of She2p for ASH1 RNA [5, 6] . This finding implies that the RNP complex of ASH1 RNA, She2p, She3p and Myo4p probably does not form in two entirely distinct steps, as depicted in Figure 1 . It is likely that additional components contribute to the ASH1 RNP particle, and these may provide the basis for the apparent cooperativity. Biochemical isolation of the entire particle should provide additional insights into the molecular mechanisms. A second indication that the model of Figure 1 is too simple is the fact that the transport of the Myo4p-She3p complex is clearly not committed to the transport of only ASH1 mRNA. One of the new studies [14] reports that the localization to the bud tip of a distinct transcript, Ist2 mRNA, likewise depends on interactions between this RNA and She2p, She3p and Myo4p.
Equally unclear is whether the transport of the Myo4p-She3p particle has some function apart from RNA transport. Myo4p and She3p localize to the bud tip even in she2∆ yeast strains, which could mean that this transport vehicle operates in the absence of RNA cargoes. In this respect, the She3p-Myo4p transport vehicle that localizes ASH1 RNA in yeast resembles the Swa protein-cytoplasmic Dispatch R167
Figure 1
Two step pathway for localization of Ash1 mRNA in S. cerevisiae. (Above) In the first step, She2p, an RNA-binding protein, specifically binds to ASH1 mRNA. In the second step, a She3p-Myo4p transport vehicle that walks along the actin cables picks up the ASH1-She2p RNP and carries it to the bud tip. She3p is an adaptor molecule -it links the ASH1 RNP, via an interaction with She2p, to the motor, Myo4p. (Below) An experiment by Long et al. [4] demonstrates the adaptor role of She3p. RNA transport does not require She2p when She3p is provided with an MS2 RNA-binding domain that binds with high affinity to a lacZ reporter RNA containing the cognate MS2 stem loops.
Step 1 Step 2 dynein complex that was proposed to transport bicoid RNA to the anterior pole in Drosophila oocytes [15] . In the case of bicoid RNA, the proposed function of Swa protein is analogous to that of She3p -both proteins act as adaptors between the RNA and the motor. Like the She3p-Myo4p complex, the Swa-cytoplasmic dynein complex is localized even in the absence of the RNA. Taken together, these studies in yeast and Drosophila support a model in which specific RNAs latch on to transported motor-adaptor complexes.
The recent progress in understanding the link between ASH1 RNA and the motor, Myo4p, parallels a period of progress on the question of how kinesin motors are linked to their vesicular cargoes [7] . In certain respects, these two lines of investigation appear to be leading to similar ideas. For example, new work suggests that vesicular cargoes are linked to their kinesin motors by soluble adaptor proteins (reviewed in [7] ), much as ASH1 RNA is linked to Myo4p by the adaptor She3p. Another area in which research on RNA and vesicular cargoes may be converging is the logic of regulation. To localize to the bud tip, Myo4p must bind its cargo, or at least its adaptor, She3p, as Myo4p does not localize to the bud tip [1] in she3∆ strains, presumably because it cannot walk along the actin cables connecting the mother and its bud. This outcome fits with the idea that soluble, processive motors such as kinesin and Myo4p are inhibited from engaging their cytoskeletal polymers in the absence of cargo (see [8] for discussion). The cargo -be it an RNP or a vesicle -may activate the appropriate soluble motor on demand. This strategy is presumably important for maintaining a uniform distribution of processive motors within the cytosol.
